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© Novel vaccine. 



© A method for preventing canine coronavirus in dogs is disclosed which comprises administering to a dog a 
live or inactivated vaccine prepared from transmissible gastroenteritis virus of swine (a TGEV vaccine). An 
inactivated vaccine composition for use in such a method and a process for the manufacture of the inactivated 
vaccine composition are described. 
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Novel Vaccine 



This invention relates to vaccines and in particular to vaccines whir* a ,„ , • 
against canine coronavirus. pan.cu.ar to vaccines which are useful in protecting dogs 

The coronaviruses were first recognised and morphologically defined as a arouo bv Tvrraii a „H ,« 

-£S STASIS ESns-^.srrsjs: *.-r 

disadvantage that it is not preventative and is only useful to treat JZ^^^J^ 

A live vaccine mtroduced in 1983 by Fort Dodge Laboratories. Iowa, intended to proS^s aoainst 

(see m.l. Martin in The Compendium on Continuing Education. 1985 12 1012-10171 

An inactivated vaccine to protect dog's from CCVhas now been 'inlFoduced by Fort Dodae Laboratories 

J^ASESZT " 00v ' ** — * * '" 8 dl!e8 »- - - **— 

It is known that canine coronavirus (CCV), transmissible gastroenteritis virus of swina rrae\A ten„ a 
.nfecfious peritonitis, virus (FIPV) and human respiratory coronavirus of the Sse Tup St'ute an 
ant,gen,c cluster of viruses within the family Coronavindaa (see N.C. Pedersen et a uS Virol 1 m 58 
45-53 and S. Siddell et aJ.. J. Gen. Virol. 1 983. 64. 761-76). -- — — - 1 87S - 22- 

nna H ™y* r ««?"«Scttan studies these viruses have met with little or no success. For example in 
one study, pigs g.ven virulent CCV did not produce neutralizing antibodies for TGEV (L N EWnrTet J 
Proceed^ of the Annual Meeting ua Animal Health Association . 1974. 78. 358-36^ \SJT£& 

( J E - Barbugh et aJ., Laboratory Animal Science . 1984, 34 592-597) 

viroi. 1 979. 60, 1 61 -166. and R.D. Woods and N.C. Pedersen. Vet. Microbiol 1 979 4 1 1 -1 6) 

infe5on nS,n9,y " * "°" ** bas ^~<^^ protect' the dog against CCV 

docfw^Sl!!? PreS9nt inV ! nti0n Pr ° Vid9S 3 m9th0d ° f pr9ventin 9 canine coronavirus infection in 
v5 S %^^^^ t0 3 *> 3 «*" ^ r9d <™ -™ ^oenter.s 

a va^rrnSg^ *» °< — <°< - " of 

The TGEV vaccine may be live or Inactivated. 

A vaccine composition comprising inactivated TGEV forms another aspect of the present invention 
The invention also provides a process for preparing an inactivated vaccine composition, which process 
abS P <2rier X ' n9 ' naCtlVated transmissibl « gastroenteritis virus of swine with a pharmaceutical^ accept- 

The TGEV vaccine for use In the method of the invention may be manufactured from an isolate of TGE 
v,rus for exampte from the cell culture-adapted attenuated TGE vims known as Purdue strain TGE virus 
wh.ch has. been deposited with the American Type Culture Collection and has ATCC Deposit No VR-763 

. T ^ 9 " U n a l ed liv9 suitabie for use in * e »"»*« Gannon may be prepared by passing the isolate 
of TGE vina in cells of porcine ong.n and/or feline origin several times, for example between 2 and 9 times 
at a virus to cell ratio of 1:1 to 1: 10,000. preferably about 1:100. 

«m? rT™ 9 n 8l,S ° f P0rdP8 0ri9i " C0mpriS9 P ' 9 Wdnay (PK) cel,s - for exam P le p K TC/115. and PK 15 
(m i uu uul 33) cell lines. 
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<crS&tcc coit,' 9 "™ "* ^ mrm c *' — ** o— "*» »*-» 

collecting the propagated virus from the harvested cells. inoculation, and 

Suitable culture media for use in the above process include those known in the art A oreferred culture 

n w~u w m hich the TGE virus may 56 propa9ated is Eagfe ' s minimum ^«2mS3K 

^ Cell and virus growth is maintained under standard conditions, normally at 33-39' C. preferably at 35- 

Virus fluids are suitably inoculated onto the mammalian cells at a virus to cell ratio of i-i m vinnm 
preferably about 1:100. Preferably the virus culture medium is added after a 1 to " fnou^enod ' °' 

The mammalian cells are suitably of porcine or feline origin, for example pig kidney (PK) cells 

rsr^cocair ,flTCC ca •* or ^ * ~ 

Preferably the mammalian cells are of feline origin, more preferably CRFK cells 
a „ ^"f flu j ds *• P^ferably harvested about 3 days following inoculation by freeze-thaw or enzymatic 
so action. The harvested virus fluids may conveniently be stored frozen enzymatic 
Normally viral fluids harvested as described above contain at least 10" infectious virus units/ml. 

r*n T hIZI J? VaCC "^ iS reqU,red ViruS fluids can be used wfth no ft"**' processing or they 
can be blended wrth .a suitable stabilizer, for example N-Z amine-gelatin. sucrose phosphate glutamate 
(SPG), or sucrose phosphate glutamate albumin (SPGA). Normally the vaccine is desiccated. PreferabTthe 
25 post desiccation titre is at least 10 4 per dose. w-»ieu. rrereraDiy me 

When an inactivated (or 'killed') vaccine is required, the harvested virus fluids may be inactivated by 

f«' table m6fh0dS inC ' Ud6, f ° r 6Xample ' freatment with ^Propiolactone formal- 
dehyde or ethyteneimm After an inactivation and incubation period, the virus fluids may be tested for 
complete inaction by known methods, for example by multiple passage on pig kidney cells 

30 rt H er ' P T n '! d ' m6th0d f0r Carrying out the inactiv ation step is to treat the harvested viral fluids 

with escort* acid and/or a salt thereof in the presence of oxygen and a source of heavy metal ions 

Suitable forms of ascorbic acid include the alkali metal or alkaline earth metal salts, for example the 
sodium, potassium or calcium salts, or ascorbic acid Itself. 

A preferred salt is the sodium salt. 

35 o« A w S ^'? 519 ascorbate concentration for use in the inactivation step is in the range 1-1 OmM, preferably 
2.0mM-6.0mM, for example 2.5mM. 

Suitable sources of heavy metal ions Include salts of copper, iron and zinc and mercury-containing 
compounds. a 

One preferred heavy metal ion is the cupric (Cu**) ion, a convenient source of which Is cupric sulphate 
40 Another preferred heavy metal ion is mercury, convenient sources of which are organo-mercury 
compounds, especially ethylmercurithiosalicylic acid, sodium salt (thimerosal). 

The heavy metal ion is present in a catalytic amount, a suitable concentration for use in the inactivation 
step being in the range 0.01 mM to 0.1 mM, preferably 0.01 5mM to 0.05mM, for example 0.022mM. 
The presence of oxygen is essential and it conveniently provided by adequate aeration 
45 Normally the inactivation step is allowed to proceed at between 1 and 54" C. preferably at about 37* C 
until an Inactivation test proves satisfactory. The required inactivation period Is typically in the ranae 10-100 
hours, generally about 48-72 hours. 
^ For the inactivation of certain viruses, for example parvovirus and rotavirus, a second addition of 

ascorbic acid may be required to complete the inactivation process. 
50 In addition, other agents known to inactivate viruses may optionally be added to complete the 
• f inactivation process. One such reagent is saponin as described in. for example. Vet. Med. Nauki 1980 17- 

(3), 45-55 (A. Motovski et al.). which may. for example, be added at a concentr5San"o7a5"mg/ml about 72 
hours after ascorbic acid addition. Such a procedure has proved specially useful for the inactivation of 
enveloped viruses such as viruses of the Herpes group including PRV and IBR. 

The progress of the inactivation process may conveniently be monitored by measuring the viability of 
the virus at intervals using any convenient method, for example by indirect fluorescent antibody test to 
determine residual virus titre. 

For the preparation of inactivated TGEV vaccine the inactivation step is normally carried out by adding 
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appropriate quantities of stock solutions of sodium ascorbate and cupric sulphate to the bulk virus and 
mwng the resulbng solution in the presence of air for about 72 hours at 37* C. After cooling to 4" C a "at 
of inactivation may conveniently be run using an appropriate cell culture such as PK or CRFK 
S m JlZL i EVvaccine ^ r " se in the method of the inv ntion may optionally contain additional attenuated 

ZSELTJJSI^ WUSeS SUCh M C " !ne diS,emper Virus ' canine P^influena virus Sne 
adenovirus (I and II) canine parvovirus and be combined with various inactivated bacterial vaccines such as 
Leptospira canicola-ictero bacterin. or canine Bordatella bacterin. vacc.nes sucn as 

inw.IT 6 in f ctivated Z G ™ vaccine composition of the invention may also optionally contain adjuvants 
including aluminum hydroxide (for example 2-25%. preferably. 5-25%. by weight) sLonin L «Z « 
10 0.5-l.5mg,dose). and Freund's incomplete adjuvant (typical water in oil emufJn) 

To prevent canine coronavirus infection in dogs, the TGEV vaccine may be administered parenteral 
subcutaneously or intramuscularly, in a dose of at least 1.9 logs of virus panicles per d^pSSH 

5117? , P ° 93 ° "'^ Partd6S) PSr ^ Advanta S"^'y vaccine is administered in 

at least 4 logs of virus particles per dose. 

is The following Examples illustrate the invention. 
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Examples 

20 In the examples described below, the following materials and methods were used. 
A. TQE virus 



Preparation A.1 



pkoSqw 6 *? TGE VirUS (ATCC VR " 763) WHS paSSa98d 4 times on P*9 kidn ^ «lto (designated 
PK0809) to produce a master seed virus. The experimental vaccines were derived from the master seed 
30 virus after 5 additional passages in the pig kidney ceils. 



Preparation A.2 

35 



r J£n Tf ter * 96d Vir !f /I^^ eparati0n 1 was P assa 9 ed 3 times in Porcine kidney cells and twice in 
Crandell feline kidney cells (ATCC CCL 94). 

B. Cell culture 

40 

Preparation B.1 

The master seed virus was propagated at 35-38* C on the pig kidney cell PK 15 cell line (ATCC CCL 
45 33) in Eagle's MEM containing not more than 10% bovine serum. 
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Preparation B.2. 



so The virus from Preparation A.2 was propagated at 35-38 *C on the Crandell feline kidney cell line 
(ATCC CCL 94) in Eagle's MEM containing not more than 10% bovine serum. 



C. virus growth 
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Preparation C.1 

Two small roller bottles containing confluent PK0809 monolayers were inoculated with 1ml of undiluted 
TGE master seed virus. After a 1-2 hour adsorption period the virus growth medium (Eagle's MEM 
containing not more than 2% bovine serum) was added and the virus was grown at 35-38* C. 

Preparation C.2 

Two small roller bottles containing confluent Crandell feline kidney cell (ATCC CCL 94) monolayers 
were inoculated with 1ml of undiluted TGE master seed virus. After a 1-2 hour adsorption period the virus 
growth medium (Eagle's MEM containing not more than 2% bovine serum) was added and the virus was 
grown at 35-38 C. 



Example 1 

Modified Live TGEV vaccine 

To one roller bottle containing TGE virus prepared as in Preparation C.1 above is added 17% N-Z 
amine-gelatin stabilizer. One freeze/thaw cycle is carried out and the resulting material is desiccated in Irnr 
volumes and kept at 4* C until required, The post desiccation trtre should be at least 10 4 per dose. 

Example 2 

Modified Live TGEV Vaccine 

A modified live TGEV vaccine was prepared in the same way as in Example 1 except that the TGE 
virus prepared as in Preparation 02 was used. 



35 Example 3 



Inactivated TGEV vaccines 

40 One roller bottle containing TGE virus prepared as in Preparation C.1 above was frozen and thawed 
(titre samples taken) and inactivated as follows (the bulk virus should have a pre-inactivation titre of at least 
10 5 - 5 per dose): 

The bulk virus was put in a 1 litre glass bottle and brought to 37* C. Sodium ascorbate stock solution 
(1% w/v) and cupric sulphate stock solution (1.1-% w/v) were then added to bring the final concentration of 
45 ascorbate to 5.05mM and the final concentration of cupric ions to 0.022mM. The contents of the bottle were 
mixed with adequate aeration for 72 hours at 37* C and then cooled to 4* C. A test of inactivation was run in 
pig kidney cells. 

After proof of inactivation, the bulk virus was split and adjuvanted to give two Inactivated vaccines as 
follows: 

50 

Vaccine A 

One half of the inactivated bulk virus was treated with 10% aluminium hydroxide by stirring for 15-20 
55- hours at 4 ' C. 
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Vaccine B 



30 
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The other half of the inactivated bulk virus was adjuvanted as follows- 
Solution 1 consists of 5ml emulsifier added to 95ml of Drakoil 6 VR 
Solution 2 consists of 2.5ml Tween 80 added to 47.5ml of killed TQE virus 

vaccS" 1 (21m ° " ^ t0 S ° ,Uti0n 2 (?m,) ^ miX6d * -ulsifying needle prior to 



. io Example 4 



Modified live TGEV vaccine dose titration and CCV immunogenicity evaluation in dons 

a) Experimental Design 

Four TGEV vaccine permutations were evaluated: two antigenic levels each administered in 

a. EST? ( H > " SUbCUtane0US ^ < SC >- «*• **• -™ assigned^ each IM group and 4^^s to each 
20 SC group. Five dogs were used as unvaccinated controls. ^ 

nr e?* each , vaccine 9 rou P receiv e d two 2 ml doses of a modified live TGEV vaccine administered IM 
or SC at a 4 week interval; Three weeks following the second vaccination, all dogs were cMto£ oraHy 

oefmSn" T lth CCV - ^ ParamSterS eva ' uated 10 dete ™° thelfficacy oitaS vaS 
25 SSaJSE?" reSP0nS9, ^ Sh8ddin9 ^ CCV * " «* ^ 

b) Materials and Methods 



i) Animals 

Twenty-three mixed breed dogs. 16-20 weeks old. with a history of no vaccination to CCV were used 
Dogs were susceptible to CCV as indicated by CCV-IFA titers of <1 :2 

ii) Vaccine and Vaccination 

, r Th l T<3E y^ aSter SS6d **" Was P 3353 ^ three times in porcine kidney cells and twice in Crandell 
<o fel.nek.dney (CRFK) cells as described in Preparation A.2. The virus harvest material was held at 70' C 
prior to use. 
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III) Serology 

Antibody litres were determined at the time of vaccination, challenge, and 5 days following challenge 
using an indirect fluorescent antibody test v 



so iv) Challenge 
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Field isolate designated CCV-6, and passaged once in CRFK was used. Dogs were depriv d of feed for 
24 hours prior to challenge. Four mis of virus harv st material was delivered to each dog in the following 
manner: 2 mis of virus material mixed with 1/4 cup of Alpom was given orally. Dogs were then anesthetized 
with Prom Ace® (Ayerst Laboratories INC NY, NY 10017) according to label recommendations, and 1 ml of 
CCV was then injected into each tonsil. Dogs were monitored on the day of challenge and for 5 days 
following challenge for gross clinical signs and rectal virus shedding. 
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v) Rectal Virus Recovery Following Challenge 

Rectal swabs were collected daily and processed for virus isolation by passage in CRFK cells. 

5 

vi) Evaluation of Small Intestine Following CCV Challenge 

Five days after CCV challenge, ail dogs were necropsied and the entire small intestine was removed. 
Slide intestinal impressions were made from regularly spaced intestinal segments. The presence of CCV 
io antigen was determined using an indirect fluorescent antibody test Impression slides were scored 
according to the percentage of specific CCV-fluorescence observed. 



c) Results 

75 

No clinical signs were observed among dogs following vaccination or challenge. 



i) Vaccine Virus Titers 

20 " 

Antigenic levels used in this study were to 3 . 3 and 10 2 . 3 TCID 50 /dose. 



ii) Serological Response 

25 

Serologic results are summarized In Table 1. 

Table 1 
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Reciprocal CCV Geometric Mean 
Antibody Titers 


TGE 

Vaccine 


Weeks Post 1st Vac 


5D PC 


0 


3 


7 


^q3.3 IM 


<2 


40 


139 


422 


-j Q3.3 SC 


<2 


24 


113 


320 




<2 


46 


53 


485 


1Q«L3 SC 


<2 


, 34 


24 


190 


Non-Vac 


<2 


<10 


<10 


<10 



AH dogs had no measurable antibody titre at the time of vaccination. Non-vaccinated controls remained 
less than 1:10 throughout the study indicating absence of extraneous CCV infection. 

Dogs in all four vaccine groups (10 3 . 3 IM, 10 33 SC, 10 2 3 IM and 10 2 . 3 SC) developed similar CCV 
geometric mean antibody titers (GMAT) within 3 weeks following the first vaccination (1:24 to 1:46) 
indicating a primary response from virus replication. Three weeks following the 2nd vaccination a dose 
response was demonstrated among dogs in 10 3 . 3 IM and SC groups (GMAT 1:139 and 1:113) and the 10 23 
IM and SC groups (GMAT 1:53. and 1:24). All vaccinated dogs demonstrated an anamnestic response 
following CCV challenge; responses among dogs in groups 10 3 . 3 IM and SC were 3-foid and responses 
among dogs in groups 10 2 . 3 IM and SC were nine and eight-fold, respectively. The serology results indicate 
that the canine immune system, primed by the heterologous live TGEV vaccine responded anamnesticaily 
to homologous virulent CCV challenge. 

Non-vaccinated dogs, 5 days after challenge, had no measurable antibody response. 
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iii) CCV Post-Challenge Evaluations 



10 



M„ e ^ iCate titrations of CCV Challenge virus indicated the dogs were challenged with lO^TCIDso-ml 
(10* . TClDso'dose). 

CCV virus isolations were monitored for 5 days following challenge. All dogs were free of CCV orior to 
Challenge. CCV virus inclusions within CRFK cytoplasm were observed from all non-vaccinated controls 
(100/. recovery) throughout the 5 day period. Among vaccinated dogs. CCV virus inclusions were not 
observed, .ndicatmg no virus recovery. Passage of material did not enhance virus recovery 

Table 2 summarizes average specific CCV intestinal fluorescence among groups and non-vaccinated 
controls. 



Table 2 
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20 



25 



30 



Average Score (%) of CCV Intestinal CCV by Immunofluorescence 



GROUP 



Gut Impression Number (Duodenum to Ileum) 





1.0 


2.0 


3.0 


4.0 


5.0 


6.0 


7.0 


8.0 


3.3 IM 


7.6 


9.0 


5.0 


2.0 


5.0 


0.0 


2.0 


0.0 


3.3 SC 


17.5 


5.0 


8.8 


7.5 


2.5 


2.5 


0.0 


12.5 


2.3 IM 


10.0 


12.0 


2.0 


0.4 


0.4 


6.0 


1.4 


14.0 


2.3 SC 


10.0 


1.3 


6.3 


0.0 


0.0 


0.0 


15.0 


10.0 


Control 


46.0 


82.0 


24.0 


40.0 


35.0 


48.0 


40.0 


12.0 



TOTAL 



30.8 
56.3 
46.2 
42.5 
327.0 



Specific fluorescence for CCV as indicated by bright apple green fluorescence was observed along the 
entire length of the small intestine. All dogs showed some degree of CCV infection. A significant reduction 
tn intestinal fluorescence, as compared to the controls, was observed amongst all the vaccinated dogs. 

Average total scores between vaccine groups 5 days following CCV challenge were similar (30.6, 56.3, 
46.2. 42.5) and the average total score of the non- vaccinated control dogs was considerably higher (327) 
than the vaccine groups. 



d) Conclusion 

Dogs among all vaccine groups developed similar antibody responses 3 weeks following the first 
vaccination. An antibody dose response was seen between dogs in the 10 3 . 3 and 10 2 . 3 vaccine groups 3 
weeks following the second vaccination. 

Following CCV challenge, virus was recovered from all non-vaccinates and CCV intestinal infection 
appeared active and widespread. Vaccinated dogs in all vaccine groups, however, demonstrated an active 
cellular tmmune response with no rectal virus shedding and apparently were protected from CCV challenge 
by. TQE vaccine induced antibodies or cell mediated immunity. 



^ 5 Claims 

1. The use of transmissible gastroenteritis virus of swine for the manufacture of a vaccine for preventing 
canine coronavirus infection in dogs. 

2. The use as claimed in Claim 1 in which the vaccine is inactivated. 

3. The use as claimed in Claim. 1 or Claim 2 in which the vaccine is manufactured from Purdue strain 
TGE virus (ATCC No. VR-763). 

4. The use as claimed in any one of Claims 1 to 3 in which the vaccine additionally comprises an 
attenuated modified live virus or inactivated virus chosen from the group consisting of canine distemper 
virus, canine parainfluenza virus, canine adenovirus (I and II). canine parvovirus and canine coronavirus or is 

55 combined with an inactivated bacterial vaccine chosen from the group consisting of Leptospira canicola- 
ictero bacterin. and canine Bordatella bacteria 

5. A vaccine composition comprising inactivated transmissible gastroenteritis virus of swine (TGEV). 

6. A process for manufacturing an inactivated vaccine prepared from tranmissible. gastroenteritis virus of 
swine (a TGEV vaccine), which process comprises: 
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(a) passing an isolate of TGE virus in cells of porcine and/or feline origin at a virus to cell ratio of 1:1 
to 1:10,000 to obtain an attenuated live TGE vims; 

(b) propagating the live TGE virus by cell culture in mammalian cells; 

(c) harvesting viral fluids so produced; and 

5 (d) inactivating the said viral fluids with a viral inactivating agent. 

7. A process as claimed in Claim 6 in which the said viral fluids are inactivated with ascorbic acid 
and/or a salt thereof in the presence of oxygen and a source of heavy metal ions. 

8. A process as claimed in Claim 7 in which the source of metal ions is selected from the group 
ro consisting of copper, iron, zinc and mercury-containing compounds. 

9. A process as claimed in Claim 8 in which the mercury-containing compound is thimerosal. 

10. A vaccine composition comprising inactivated transmissible gastroenteritis virus of swine for use in 
prophylactic therapy. 

75 

Claims for the following Contracting State: ES 

1. A process for preparing an inactivated vaccine composition, which process comprises admixing 
inactivated transmissible gastroenteritis virus of swine with a pharmaceutical^ acceptable carrier. 
20 2. A process as claimed in Claim 1 in which the vaccine composition is prepared from Purdue Strain 
TGE virus (ATCC No. VR-T63). 

3. A process as claimed in Claim 1 or Claim 2 which additionally comprises admixing an attenuated 
modified live virus or inactivated virus chosen from the group consisting of canine distemper virus, canine 
parainfluenza virus, canine adenovirus (I and II), canine parvovirus and canine coronavirus or an inactivated 

25 bacterial vaccine chosen from the group consisting of Leptospira canicola-ictero bacterin, and canine 
Bordatella bacterin. 

4. A process for manufacturing an inactivated vaccine prepared from tranmissible gastroenteritis virus of 
swine (a TGEV vaccine), which process comprises: 

(a) passing an isolate of TGE virus in cells of porcine and/or feline origin at a virus to cell ratio of 1:1 
30 to 1:10,000 to obtain an attenuated live TGE virus; 

(b) propagating the live TGE virus by cell culture in mammalian cells; 

(c) harvesting viral fluids so produced; and 

(d) inactivating the said viral fluids with a viral inactivating agent 

35 5. A process as claimed in Claim 6 in which the said viral fluids are inactivated with ascorbic acid 
and/or a salt thereof in the presence of oxygen and a source of heavy metal ions. 

6. A process as claimed in Claim 7 in which the source of metal ions is selected from the group 
consisting of copper, iron, zinc and mercury-containing compounds. 

7. A process as claimed in Claim 8 in which the mercury-containing compound is thimerosal. 

40 
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